The paper discusses the method used for the program and shows examples of the type of passages and blade rows which can be analyzed. Also, some numerical examples are given to show how the program can be used for practical assistance in design of blading, annular passages, and annular diffusers.
In this paper a solution to the equations of flow on the mid-channel S 2 surface is presented. This solution surface is chosen when the turbomachine under consideration has significant variation in flow properties in the hub-shroud direction. A solution on the mid-channel surface will show this variation. The solution can be obtained either by the quasi-oirthogonal method, which solves the velocity-gradient equation from hub to shroud on the mid-channel flow surface (2) , or by a finite-difference method, which solves a finite-difference equation for stream function on the same flow surface. The quasi-orthogonal method is efficient in many cases and can obtain solutions into the transonic regime. However, there is a convergence problem when aspect ratios are above 1 or when the passage has high wall curvature compared to the passage height. For such cases, the most promising method is the finite-difference solution, but this solution is limited to completely subsonic flows.
The method described in this paper uses the finite-difference method, followed by velocity gradient method, if necessary. When there is transonic flow, the finite difference method is used to obtain a reduced mass flow subsonic solution for flow angles and streamline curvatures. This 'Numbers in parentheses designate references at end of paper. 
MERIDL,
To give an idea of the type of problem that can be anlyzed with MERIDL, a few illustrations are given. The first illustration is an axial compressor blade row with high aspect ratio and high twist, shown in figure 2.
Another type of problem is shown in figure 3 . The entire annular passage here could be analyzed as 4 cases. First, is the inlet mixed flow bladeless passage, second the axial stator, third the axial rotor, and finally the mixed flow diffuser. There can be whirl in the ducts, and the whirl, temperature and stagnation pressure can vary from hub to shroud. Each of the 4 cases would be analyzed separately, and each case would have to be matched to the adjacent case. (1) The flow relative to a blade is steady.
(2) The flow is axi-symmetric where there is no blade.
(3) The fluid is a perfect gas with constant specific heat Cp.
(4) The fluid is a nonviscous gas.
(5) There is no heat transfer.
(6) The mid-channel surface is a stream surface which has the same shape as the blade mean camber surface, except near the leading and trailing edges, where an arbitrary correction is made to match the free-stream flow.
(7) The only forces are those due to momentum and pressure gradient. The numerical solution of equation (1) is obtained by the finite-difference method. The finite-difference grid is an orthogonal mesh which is generated by the program, using the method reported in reference (6) . Figure 9 illustrates the orthogonal finite-difference mesh.
The finite-difference equations are nonlinear since the original equation (1) is nonlinear. These equations can be solved iteratively. On the first iteration an initial density is assumed; this linearizes some of the terms. The remaining nonlinear terms are omitted for the first iteration so that the finite-difference equations are entirely linearized. These linearized equations are then solved to obtain the first approximate solution for stream function. This solution provides information used to obtain a better estimate of the density and an estimate of the other nonlinear terms.
The equations are the solved again to obtain an improved solution. This process is repeated, and by iteration a final converged solution can be obtained if the flow is subsonic.
For each step of this iteration, the linearized finite-difference equations must be solved. The method used to solve the equations is successive overrelaxation (8) with an optimum overrelaxation factor. Since this is also an iterative method, we have two levels of iteration.
After the stream function is obtained, the velocity distribution is obtained by numerical partial differentiation of the stream function and by using equation (2) . The details of the numerical procedure and programming technique are described in reference (4).
TRANSONIC VELOCITY-GRADIENT APPROXIMATE SOLUTION -For
the case where there is locally supersonic flow, equation (1) is no longer elliptic in the entire region but is hyperbolic in the region of supersonic flow (7). This changes the boundary conditions and means that there will probably be shock losses in going from supersonic to subsonic flow. The finite-difference method cannot be used with locally supersonic flow.
However, an approximate solution can be obtained by getting a reducedflow solution with the finite-difference method and extending this to the full flow by using the velocity-gradient method. This technique is described in reference (5). 
Finally, in all three regions, we have RT" e =CpT i -codX -CpdT" + dp p pp
Equations (3) to (7) are derived in reference (3). Equation (3) is solved as an initial-value problem, where the initial value of W is specified at the hub for any given mesh line running from hub to tip. By finding several solutions for varying values of W at the hub, a solution satisfying continuity will be found; that is, the solution will satisfy
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